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The crystal structure of dicyclohexylaminium 4-nitroanthranilate [(C12 H24 N)+ (C7 H5 N2 O4)-] shows a three-
dimensional hydrogen-bonded network polymer in which the protonated amine groups of both of the independent 
molecules of dicyclohexylamine give similar hydrogen-bonding interactions with oxygen acceptors of four 
separate anthranilate carboxylate groups [N···O, 2.729 (3)–2.782 (2) Å]. Secondary centrosymmetric peripheral 
hydrogen-bonding linkages involve the the amine groups of the anthranilate anions with nitro and carboxylate O-
acceptors while these are also involved in intramolecular N—H···O(carboxylate) associations 2.663 (3), 2.679 (3) 
Å].
Experimental
Crystal data
C12H24N·C7H5N2O4 γ = 98.860 (12)°
Mr = 363.45 V = 1940.1 (6) Å3
Triclinic, P1 Z = 4
a = 12.486 (2) Å Mo Kα radiation, λ = 0.71069 Å
b = 13.1960 (19) Å µ = 0.09 mm−1
c = 12.068 (2) Å T = 295 K
α = 98.775 (14)° 0.34 × 0.30 × 0.20 mm
β = 90.839 (14)°
Data collection
Rigaku AFC7R 
diffractometer 4384 reflections with I > 2σ(I)
7699 measured reflections Rint = 0.016
6830 independent reflections 3 standard reflections every 150 reflections
Refinement
R[F2 > 2σ(F2)] = 0.042 0 restraints
wR(F2) = 0.151 H atoms treated by a mixture of independent and constrained refinement
S = 0.84 Δρmax = 0.20 e Å−3
6830 reflections Δρmin = −0.18 e Å−3
502 parameters
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Data collection: MSC/AFC Diffractometer Control Software (Molecular Structure Corporation, 1999a); cell 
refinement: MSC/AFC Diffractometer Control Software (Molecular Structure Corporation, 1999); data reduction: 
TEXSAN for Windows (Molecular Structure Corporation, 1999); program(s) used to solve structure: SHELXS97 
(Sheldrick, 1997); program(s) used to refine structure: SHELXL97 (Sheldrick, 1997); molecular graphics: 
PLATON for Windows (Spek, 1999); software used to prepare material for publication: PLATON for Windows 
(Spek, 1999).
The authors acknowledge financial support from the School of Physical and Chemical Sciences (Queensland 
University of Technology) and Griffith University.
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Comment
The nitro-substituted benzoic acids such as 3,5-dinitrosalicylic acid (DNSA) (pKa = 2.2) readily protonate the 
nitrogen functional groups of most Lewis bases giving compounds which have extensive hydrogen bonded 
structures (Smith et al., 2002; Smith et al.,2003). 4-Nitroanthranilic acid (4-NAA) (pKa = 2.xx) is only slightly 
weaker than DNSA so that similar protonation of Lewis bases might be expected. However, structures of proton-
transfer compounds with 4-NAA are not common. We have previously prepared and reported the structure of 
only one such compound, that of ethylenediaminium 4-nitroanthranilate dihydrate [(EN)2+ 2(4-NAA)-.2(H2O)] 
(Smith, Wermuth & Healy, 2002) in which both amine functional groups of the EN molecule are protonated and 
are involved in an extensive hydrogen-bonded array, giving a three-dimensional polymer structure. We report 
here the crystal structure of the proton-transfer compound of 4-NAA with the secondary amine dicyclohexyl-
amine (DCHA) (pKa = ), [(C12 H24 N)+ (C7 H5 N2 O4)-] (I).
The structure determination of (I) shows the presence of two independent but similar 4-nitroanthanilate anions 
(A, B) and two dicyclohexylamine cations (C, D) in the crystallographic repeating unit. Fig. 1 shows an 
associated pair (cation D and anion A). Each of the anion and cation pairs is conformationally and associatively 
similar. The 4-NAA anions are essentially planar with both the carboxylate group and the nitro group < 10° away 
from coplanarity with the benzene ring. In the case of the carboxyl group, this is due to the presence of an intra-
molecular hydrogen bond between an amino-H and a carboxyl oxygen [N2—H21—O72, 2.663 (3) (A), 2.679 (3) 
Å (B). This is similar to that found in the EN compound [2.694 (2)Å] (Smith, Wermuth & Healy, 2002). The 
inter-ring torsion angles in the DCHA cations (C2– C1– N1– C7 and C8– C7– N1– C1) are also similar [49.8 (3), 
60.0 (2) and 49.3 (2), 53.4 (2) °for (C) and (D) respectively].
The protonated amine group in each DCHA molecule gives two direct hydrogen-bonding associations with 
carboxylate oxygen acceptors of independent 4-NAA anions [N1C—H11C···O72B, 2.744 (3)Å; N1C—
H12C···O71Bi, 2.729 (3)Å; N1D—H11D···O72Aii, 2.765 (2) Å; N1D—H12D···O71Aiii, 2.782 (2)Å] ( symmetry 
codes; i = 1 - x, 1 - y , 1 - z ; ii = x, 1 + y, z; iii = 2 - x, 1 - y, - z). The second proton of the 4-NAA amine group is 
involved in peripheral hydrogen-bonding interactions, with A to a nitro-O [N2A—H22A···O42Biv, 3.057 (3)Å] 
(symmetry code; iv = 1 - x, 1 - y , - z ], with B to a carboxylate-O [N2B—H22B···O71Aiii, 3.166 (3)Å]. This 
results in a 3-dimensional polymer (Fig. 2) which extends down the b axis of the cell.
Experimental
The synthesis of the title compound was carried out by heating under reflux for 10 min, 1 mmol quantities of 4-
nitroanthranilic acid (2-amino-4- nitrobenzoic acid = 4-NAA) and dicyclohexylamine (DCHA) in 50 mL of 80% 
ethanol/water. After concentration to ca. 30 mL, partial room temperature evaporation of the hot-filtered solution 
gave orange crystal masses.
supplementary materials
sup-2publCIF
Refinement
Hydrogen atoms involved in hydrogen-bonding interactions (H21, H22 (A, B); H11, H12 (C, D)) were located by 
difference methods and their positional and isotropic thermal parameters were refined. Others were included in 
the refinement at calculated positions as riding models. For refined hydrogen atoms: the N–H range is 0.83 (3)–
1.02 (2)Å.
(dicyclohexylaminium 2-amino-4-nitrobenzoate)
Crystal data
C12H24N·C7H5N2O4 Z = 4
Mr = 363.45 F(000) = 784
Triclinic, P1 Dx = 1.244 Mg m−3
Hall symbol: -P 1 Mo Kα radiation, λ = 0.71069 Å
a = 12.486 (2) Å Cell parameters from 25 reflections
b = 13.1960 (19) Å θ = 12.6–16.9°
c = 12.068 (2) Å µ = 0.09 mm−1
α = 98.775 (14)° T = 295 K
β = 90.839 (14)° Block, Orange
γ = 98.860 (12)° 0.34 × 0.30 × 0.20 mm
V = 1940.1 (6) Å3
Data collection
Rigaku AFC7R 
diffractometer Rint = 0.016
Radiation source: Rigaku rotating anode θmax = 25.0°, θmin = 2.5°
graphite h = −14→14
ω–2θ scans k = −15→15
7699 measured reflections l = −6→14
6830 independent reflections 3 standard reflections every 150 reflections
4384 reflections with I > 2σ(I)
Refinement
Refinement on F2 Secondary atom site location: Difference Fourier map
Least-squares matrix: Full Hydrogen site location: Inferred from neighbouring sites
R[F2 > 2σ(F2)] = 0.042 H atoms treated by a mixture of independent and constrained refinement
wR(F2) = 0.151 w = 1/[σ
2(Fo2) + (0.1P)2 + 0.5711P] 
where P = (Fo2 + 2Fc2)/3
S = 0.84 (Δ/σ)max = 0.023
6830 reflections Δρmax = 0.20 e Å−3
502 parameters Δρmin = −0.18 e Å−3
0 restraints Extinction correction: SHELXL97 (Sheldrick, 1997), Fc*=kFc[1+0.001xFc2λ3/sin(2θ)]-1/4
Primary atom site location: Structure-invariant direct 
methods Extinction coefficient: 0.0054 (12)
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Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell 
esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell 
parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for 
estimating esds involving l.s. planes.
Refinement. Refinement of F2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2, conventional R-
factors R are based on F, with F set to zero for negative F2. The threshold expression of F2 > 2sigma(F2) is used only for calculating R-
factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F2 are statistically about twice as large as 
those based on F, and R- factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2)
x y z Uiso*/Ueq
O41B 0.55631 (16) 0.76678 (16) −0.17154 (16) 0.0819 (6)
O41A 0.94841 (16) 0.69529 (14) 0.25558 (19) 0.0848 (6)
O42B 0.38889 (14) 0.70151 (18) −0.17682 (15) 0.0857 (6)
O42A 1.09992 (17) 0.73342 (14) 0.1806 (2) 0.1001 (7)
O71B 0.45889 (14) 0.49620 (13) 0.30072 (14) 0.0649 (5)
O71A 1.12777 (12) 0.22053 (11) 0.00487 (14) 0.0579 (4)
O72B 0.63247 (15) 0.56395 (15) 0.31890 (14) 0.0728 (5)
O72A 0.97487 (12) 0.16977 (11) 0.08492 (15) 0.0606 (4)
N1C 0.66786 (15) 0.49368 (14) 0.51680 (17) 0.0471 (4)
N2A 0.85767 (19) 0.3124 (2) 0.1728 (3) 0.0843 (9)
N2B 0.72453 (16) 0.64111 (17) 0.14403 (19) 0.0561 (5)
N3 0.83566 (14) 0.98261 (15) 0.05849 (15) 0.0422 (4)
N4A 1.02633 (17) 0.67083 (14) 0.20512 (18) 0.0578 (5)
N4B 0.47991 (16) 0.71633 (15) −0.13403 (15) 0.0519 (5)
C1 0.70364 (17) 0.90817 (18) 0.18873 (19) 0.0528 (6)
C1A 1.03896 (15) 0.35087 (15) 0.10394 (16) 0.0387 (4)
C1B 0.53090 (16) 0.59108 (14) 0.16068 (16) 0.0395 (4)
C1C 0.67702 (19) 0.38068 (17) 0.48778 (18) 0.0514 (5)
C2 0.80190 (16) 0.98807 (15) 0.17798 (17) 0.0425 (5)
C2B 0.62068 (15) 0.63716 (14) 0.10620 (16) 0.0382 (4)
C2A 0.94516 (15) 0.38231 (16) 0.15332 (18) 0.0456 (5)
C2C 0.5645 (2) 0.32076 (19) 0.4545 (2) 0.0634 (7)
C3B 0.60124 (16) 0.67757 (15) 0.00814 (16) 0.0403 (5)
C3 0.89714 (18) 0.97348 (18) 0.2509 (2) 0.0555 (6)
C3A 0.94317 (16) 0.48865 (17) 0.18548 (19) 0.0496 (5)
C3C 0.5654 (3) 0.2046 (2) 0.4267 (2) 0.0823 (9)
C4A 1.03123 (16) 0.55976 (15) 0.17056 (17) 0.0436 (5)
C4 0.8663 (2) 0.9754 (2) 0.3722 (2) 0.0740 (8)
C4B 0.49695 (16) 0.67075 (15) −0.03233 (16) 0.0407 (5)
C4C 0.6173 (3) 0.1645 (2) 0.5221 (2) 0.0782 (8)
C5C 0.7300 (3) 0.2232 (2) 0.5521 (2) 0.0733 (8)
C5 0.7684 (3) 0.8958 (2) 0.3835 (2) 0.0783 (8)
C5B 0.40798 (16) 0.62462 (17) 0.01761 (18) 0.0487 (5)
C5A 1.12445 (17) 0.53139 (17) 0.1250 (2) 0.0520 (6)
C6C 0.72833 (19) 0.33938 (19) 0.5833 (2) 0.0586 (6)
C6B 0.42778 (17) 0.58563 (17) 0.11450 (18) 0.0485 (5)
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C6 0.6733 (2) 0.9090 (2) 0.3100 (2) 0.0730 (8)
C6A 1.12639 (16) 0.42706 (17) 0.09338 (19) 0.0499 (5)
C7A 1.04750 (16) 0.23821 (16) 0.06125 (17) 0.0425 (5)
C7B 0.54166 (19) 0.54675 (16) 0.26782 (18) 0.0485 (5)
C7C 0.76682 (17) 0.56761 (17) 0.56510 (18) 0.0493 (5)
C8C 0.85919 (19) 0.56696 (19) 0.4858 (2) 0.0596 (6)
C9C 0.9580 (2) 0.6420 (2) 0.5368 (3) 0.0797 (8)
C10C 0.9325 (2) 0.7507 (2) 0.5678 (3) 0.0856 (9)
C11C 0.8369 (3) 0.7525 (2) 0.6427 (3) 0.0804 (8)
C12C 0.7380 (2) 0.67565 (19) 0.5933 (2) 0.0580 (6)
C20 0.75097 (16) 0.98859 (15) −0.02893 (17) 0.0429 (5)
C21 0.68828 (17) 1.07824 (17) 0.00177 (19) 0.0518 (5)
C22 0.60262 (19) 1.0743 (2) −0.0906 (2) 0.0620 (6)
C23 0.6535 (2) 1.0821 (2) −0.2021 (2) 0.0706 (7)
C24 0.7231 (2) 0.9980 (2) −0.2329 (2) 0.0688 (7)
C25 0.80617 (19) 0.99676 (19) −0.1395 (2) 0.0560 (6)
H1 0.6426 0.9226 0.1462 0.065*
H1C 0.7219 0.3728 0.4233 0.062*
H01C 0.9953 0.7968 0.6033 0.104*
H2 0.7173 0.8409 0.1583 0.065*
H02C 0.9158 0.7772 0.4995 0.104*
H3 0.7846 1.0563 0.2025 0.049*
H03C 0.8172 0.8206 0.6591 0.096*
H3A 0.8803 0.5119 0.2187 0.057*
H3B 0.6617 0.7101 −0.0290 0.044*
H4 0.9199 0.9078 0.2226 0.065*
H04C 0.8561 0.7334 0.7146 0.096*
H5B 0.3349 0.6187 −0.0151 0.058*
H5 0.9587 1.0269 0.2441 0.065*
H5A 1.1847 0.5820 0.1143 0.059*
H05C 0.7139 0.6971 0.5259 0.068*
H6A 1.1911 0.4059 0.0623 0.056*
H6 0.9268 0.9637 0.4183 0.088*
H6B 0.3666 0.5532 0.1526 0.058*
H06C 0.6797 0.6761 0.6444 0.068*
H7 0.8516 1.0443 0.4033 0.088*
H7C 0.7899 0.5469 0.6348 0.058*
H8 0.7839 0.8268 0.3614 0.093*
H9 0.7455 0.9000 0.4608 0.093*
H10 0.6510 0.9749 0.3388 0.089*
H11C 0.644 (2) 0.518 (2) 0.445 (2) 0.079 (8)*
H11 0.6128 0.8558 0.3155 0.089*
H12C 0.616 (2) 0.4964 (18) 0.568 (2) 0.060 (7)*
H21C 0.5177 0.3334 0.5169 0.078*
H21A 0.862 (2) 0.247 (2) 0.151 (2) 0.079 (9)*
H21B 0.731 (2) 0.622 (2) 0.212 (2) 0.069 (8)*
H22C 0.5347 0.3458 0.3923 0.078*
H22A 0.800 (2) 0.3335 (19) 0.192 (2) 0.064 (8)*
H22B 0.779 (2) 0.682 (2) 0.115 (2) 0.067 (8)*
H25 0.6991 0.9251 −0.0384 0.050*
H26 0.6544 1.0736 0.0723 0.063*
H27 0.7371 1.1424 0.0098 0.063*
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H28 0.5536 1.0108 −0.0960 0.072*
H29 0.5629 1.1308 −0.0718 0.072*
H30 0.5982 1.0759 −0.2586 0.082*
H31 0.6985 1.1479 −0.1977 0.082*
H31C 0.6071 0.1919 0.3611 0.102*
H32C 0.4931 0.1687 0.4096 0.102*
H32 0.6772 0.9321 −0.2484 0.081*
H33 0.7595 1.0097 −0.3012 0.081*
H34 0.8585 1.0601 −0.1304 0.068*
H35 0.8458 0.9400 −0.1580 0.068*
H41C 0.5715 0.1740 0.5865 0.086*
H42C 0.6180 0.0922 0.5025 0.086*
H51C 0.7583 0.1970 0.6143 0.090*
H52C 0.7731 0.2106 0.4897 0.090*
H56 0.8918 (18) 1.0362 (18) 0.0561 (18) 0.050 (6)*
H58 0.860 (2) 0.917 (2) 0.036 (2) 0.072 (8)*
H61C 0.6888 0.3519 0.6496 0.068*
H62C 0.8020 0.3738 0.5991 0.068*
H81C 0.8766 0.4974 0.4670 0.070*
H82C 0.8370 0.5866 0.4158 0.070*
H91C 0.9826 0.6191 0.6030 0.097*
H92C 1.0166 0.6417 0.4850 0.097*
Atomic displacement parameters (Å2)
U11 U22 U33 U12 U13 U23
O41B 0.0817 (13) 0.0967 (14) 0.0685 (12) −0.0151 (11) −0.0067 (10) 0.0475 (11)
O41A 0.0755 (13) 0.0573 (11) 0.1196 (17) 0.0230 (10) 0.0132 (12) −0.0063 (11)
O42B 0.0547 (11) 0.148 (2) 0.0650 (12) 0.0231 (11) −0.0028 (9) 0.0450 (12)
O42A 0.0854 (14) 0.0442 (11) 0.167 (2) −0.0020 (10) 0.0223 (14) 0.0157 (12)
O71B 0.0706 (11) 0.0724 (11) 0.0572 (10) 0.0062 (9) 0.0200 (8) 0.0306 (9)
O71A 0.0549 (9) 0.0455 (9) 0.0732 (11) 0.0115 (7) 0.0167 (8) 0.0041 (8)
O72B 0.0733 (12) 0.0883 (13) 0.0584 (10) −0.0055 (10) −0.0132 (9) 0.0365 (9)
O72A 0.0552 (9) 0.0403 (8) 0.0830 (12) −0.0028 (7) 0.0084 (8) 0.0092 (8)
N1C 0.0492 (11) 0.0516 (11) 0.0433 (10) 0.0090 (8) 0.0046 (9) 0.0148 (8)
N2A 0.0460 (13) 0.0549 (15) 0.145 (3) −0.0029 (11) 0.0342 (14) 0.0006 (15)
N2B 0.0421 (11) 0.0710 (14) 0.0598 (13) 0.0072 (9) 0.0021 (9) 0.0266 (11)
N3 0.0362 (9) 0.0385 (10) 0.0516 (11) 0.0048 (8) 0.0039 (8) 0.0071 (8)
N4A 0.0577 (12) 0.0413 (11) 0.0736 (13) 0.0106 (10) −0.0090 (10) 0.0046 (9)
N4B 0.0539 (11) 0.0609 (12) 0.0429 (10) 0.0096 (9) 0.0013 (9) 0.0142 (9)
C1 0.0443 (12) 0.0583 (14) 0.0556 (14) 0.0022 (10) 0.0037 (10) 0.0145 (11)
C1A 0.0354 (10) 0.0417 (11) 0.0398 (11) 0.0054 (8) −0.0013 (8) 0.0094 (8)
C1B 0.0467 (11) 0.0344 (10) 0.0373 (10) 0.0058 (8) 0.0056 (9) 0.0054 (8)
C1C 0.0642 (14) 0.0492 (13) 0.0436 (12) 0.0123 (11) 0.0089 (10) 0.0122 (10)
C2 0.0435 (11) 0.0401 (11) 0.0441 (11) 0.0082 (9) 0.0019 (9) 0.0058 (9)
C2B 0.0412 (11) 0.0341 (10) 0.0398 (11) 0.0074 (8) 0.0026 (8) 0.0061 (8)
C2A 0.0334 (10) 0.0465 (12) 0.0555 (13) 0.0019 (9) 0.0010 (9) 0.0078 (10)
C2C 0.0800 (17) 0.0589 (15) 0.0504 (14) 0.0026 (13) −0.0089 (12) 0.0155 (11)
C3B 0.0416 (11) 0.0362 (10) 0.0430 (11) 0.0041 (8) 0.0074 (9) 0.0071 (8)
C3 0.0493 (13) 0.0567 (14) 0.0588 (14) 0.0041 (10) −0.0078 (11) 0.0083 (11)
C3A 0.0366 (11) 0.0503 (13) 0.0613 (14) 0.0100 (9) 0.0024 (10) 0.0039 (10)
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C3C 0.125 (3) 0.0601 (16) 0.0573 (16) −0.0003 (16) −0.0101 (16) 0.0125 (13)
C4A 0.0442 (11) 0.0383 (11) 0.0484 (12) 0.0067 (9) −0.0063 (9) 0.0076 (9)
C4 0.0842 (19) 0.0808 (19) 0.0549 (15) 0.0078 (15) −0.0142 (14) 0.0113 (13)
C4B 0.0461 (11) 0.0401 (11) 0.0368 (10) 0.0092 (9) 0.0021 (9) 0.0062 (8)
C4C 0.121 (3) 0.0537 (15) 0.0623 (16) 0.0107 (16) 0.0058 (16) 0.0185 (13)
C5C 0.099 (2) 0.0621 (16) 0.0696 (17) 0.0306 (15) 0.0146 (15) 0.0255 (13)
C5 0.095 (2) 0.088 (2) 0.0542 (15) 0.0099 (16) 0.0069 (15) 0.0250 (14)
C5B 0.0411 (11) 0.0591 (13) 0.0457 (12) 0.0061 (10) 0.0013 (9) 0.0098 (10)
C5A 0.0445 (12) 0.0426 (12) 0.0664 (14) −0.0031 (9) 0.0101 (11) 0.0101 (10)
C6C 0.0610 (14) 0.0601 (15) 0.0599 (14) 0.0154 (12) 0.0013 (12) 0.0197 (12)
C6B 0.0432 (12) 0.0548 (13) 0.0456 (12) −0.0005 (10) 0.0100 (9) 0.0095 (10)
C6 0.0661 (16) 0.090 (2) 0.0661 (17) 0.0074 (14) 0.0188 (13) 0.0256 (15)
C6A 0.0391 (11) 0.0475 (12) 0.0628 (14) 0.0054 (9) 0.0114 (10) 0.0083 (10)
C7A 0.0408 (11) 0.0407 (11) 0.0454 (11) 0.0042 (9) −0.0035 (9) 0.0078 (9)
C7B 0.0606 (14) 0.0439 (12) 0.0413 (12) 0.0064 (10) 0.0071 (11) 0.0089 (9)
C7C 0.0504 (12) 0.0550 (13) 0.0455 (12) 0.0114 (10) −0.0023 (10) 0.0144 (10)
C8C 0.0508 (13) 0.0580 (14) 0.0735 (16) 0.0133 (11) 0.0084 (12) 0.0157 (12)
C9C 0.0494 (14) 0.081 (2) 0.112 (2) 0.0105 (13) −0.0038 (15) 0.0277 (17)
C10C 0.0608 (17) 0.0683 (18) 0.123 (3) −0.0042 (14) −0.0226 (17) 0.0183 (17)
C11C 0.092 (2) 0.0612 (17) 0.082 (2) 0.0116 (15) −0.0261 (17) −0.0059 (14)
C12C 0.0637 (15) 0.0592 (15) 0.0524 (13) 0.0169 (12) 0.0016 (11) 0.0058 (11)
C20 0.0392 (11) 0.0413 (11) 0.0476 (12) 0.0024 (9) −0.0007 (9) 0.0091 (9)
C21 0.0474 (12) 0.0520 (13) 0.0584 (14) 0.0134 (10) 0.0028 (10) 0.0103 (11)
C22 0.0509 (13) 0.0681 (16) 0.0721 (17) 0.0170 (12) −0.0005 (12) 0.0196 (13)
C23 0.0683 (16) 0.0796 (18) 0.0711 (17) 0.0135 (14) −0.0033 (13) 0.0335 (14)
C24 0.0791 (18) 0.0845 (18) 0.0465 (13) 0.0144 (15) 0.0042 (12) 0.0205 (13)
C25 0.0558 (13) 0.0609 (14) 0.0542 (13) 0.0132 (11) 0.0111 (11) 0.0134 (11)
Geometric parameters (Å, º)
O41B—N4B 1.211 (2) C4—H6 0.976 (3)
O41A—N4A 1.215 (3) C4—H7 0.975 (3)
O42B—N4B 1.217 (2) C4B—C5B 1.375 (3)
O42A—N4A 1.209 (3) C4C—C5C 1.508 (4)
O71B—C7B 1.245 (3) C4C—H41C 0.976 (3)
O71A—C7A 1.251 (2) C4C—H42C 0.949 (3)
O72B—C7B 1.255 (3) C5C—C6C 1.525 (3)
O72A—C7A 1.246 (2) C5C—H51C 0.957 (3)
N1C—C7C 1.501 (3) C5C—H52C 0.941 (3)
N1C—C1C 1.501 (3) C5—C6 1.519 (4)
N1C—H11C 1.02 (3) C5—H8 0.959 (3)
N1C—H12C 0.90 (3) C5—H9 0.975 (3)
N2A—C2A 1.365 (3) C5B—C6B 1.381 (3)
N2A—H21A 0.88 (3) C5B—H5B 0.977 (2)
N2A—H22A 0.84 (3) C5A—C6A 1.375 (3)
N2B—C2B 1.359 (3) C5A—H5A 0.950 (2)
N2B—H21B 0.90 (3) C6C—H61C 0.953 (2)
N2B—H22B 0.91 (3) C6C—H62C 0.964 (2)
N3—C20 1.502 (3) C6B—H6B 0.973 (2)
N3—C2 1.503 (3) C6—H10 0.970 (3)
N3—H56 0.92 (2) C6—H11 0.959 (3)
supplementary materials
sup-7publCIF
N3—H58 0.97 (3) C6A—H6A 0.958 (2)
N4A—C4A 1.472 (3) C7C—C8C 1.509 (3)
N4B—C4B 1.473 (3) C7C—C12C 1.514 (3)
C1—C2 1.511 (3) C7C—H7C 0.976 (2)
C1—C6 1.515 (3) C8C—C9C 1.515 (4)
C1—H1 0.971 (2) C8C—H81C 0.970 (2)
C1—H2 0.949 (2) C8C—H82C 0.970 (3)
C1A—C6A 1.387 (3) C9C—C10C 1.510 (4)
C1A—C2A 1.412 (3) C9C—H91C 0.959 (3)
C1A—C7A 1.518 (3) C9C—H92C 0.970 (3)
C1B—C6B 1.383 (3) C10C—C11C 1.508 (5)
C1B—C2B 1.411 (3) C10C—H01C 0.966 (3)
C1B—C7B 1.511 (3) C10C—H02C 0.974 (3)
C1C—C2C 1.518 (3) C11C—C12C 1.523 (4)
C1C—C6C 1.521 (3) C11C—H03C 0.961 (3)
C1C—H1C 0.968 (2) C11C—H04C 0.976 (3)
C2—C3 1.522 (3) C12C—H05C 0.960 (2)
C2—H3 0.962 (2) C12C—H06C 0.961 (2)
C2B—C3B 1.403 (3) C20—C21 1.520 (3)
C2A—C3A 1.402 (3) C20—C25 1.522 (3)
C2C—C3C 1.521 (4) C20—H25 0.9674 (19)
C2C—H21C 0.970 (3) C21—C22 1.523 (3)
C2C—H22C 0.957 (2) C21—H26 0.963 (2)
C3B—C4B 1.369 (3) C21—H27 0.956 (2)
C3B—H3B 0.9617 (19) C22—C23 1.508 (4)
C3—C4 1.517 (4) C22—H28 0.951 (3)
C3—H4 0.967 (2) C22—H29 0.958 (2)
C3—H5 0.972 (2) C23—C24 1.519 (4)
C3A—C4A 1.364 (3) C23—H30 0.948 (3)
C3A—H3A 0.958 (2) C23—H31 0.953 (3)
C3C—C4C 1.514 (4) C24—C25 1.525 (3)
C3C—H31C 0.961 (3) C24—H32 0.955 (3)
C3C—H32C 0.957 (3) C24—H33 0.969 (2)
C4A—C5A 1.374 (3) C25—H34 0.969 (2)
C4—C5 1.507 (4) C25—H35 0.960 (2)
C7C—N1C—C1C 118.09 (17) C4—C5—H9 111.9 (3)
C7C—N1C—H11C 107.7 (15) C6—C5—H9 108.3 (3)
C1C—N1C—H11C 107.4 (15) H8—C5—H9 106.7 (3)
C7C—N1C—H12C 107.7 (15) C4B—C5B—C6B 116.63 (19)
C1C—N1C—H12C 105.2 (15) C4B—C5B—H5B 121.3 (2)
H11C—N1C—H12C 111 (2) C6B—C5B—H5B 122.1 (2)
C2A—N2A—H21A 115.9 (18) C4A—C5A—C6A 117.44 (19)
C2A—N2A—H22A 119.3 (18) C4A—C5A—H5A 121.3 (2)
H21A—N2A—H22A 123 (3) C6A—C5A—H5A 121.3 (2)
C2B—N2B—H21B 114.7 (16) C1C—C6C—C5C 110.4 (2)
C2B—N2B—H22B 119.1 (16) C1C—C6C—H61C 110.1 (2)
H21B—N2B—H22B 123 (2) C5C—C6C—H61C 109.6 (2)
C20—N3—C2 117.53 (16) C1C—C6C—H62C 110.5 (2)
C20—N3—H56 107.9 (13) C5C—C6C—H62C 108.1 (2)
C2—N3—H56 107.6 (14) H61C—C6C—H62C 108.1 (2)
C20—N3—H58 105.3 (15) C1B—C6B—C5B 122.96 (18)
supplementary materials
sup-8publCIF
C2—N3—H58 108.5 (15) C1B—C6B—H6B 118.2 (2)
H56—N3—H58 110 (2) C5B—C6B—H6B 118.8 (2)
O42A—N4A—O41A 123.2 (2) C1—C6—C5 111.7 (2)
O42A—N4A—C4A 118.1 (2) C1—C6—H10 109.4 (2)
O41A—N4A—C4A 118.7 (2) C5—C6—H10 107.9 (3)
O41B—N4B—O42B 122.74 (19) C1—C6—H11 110.5 (3)
O41B—N4B—C4B 119.12 (19) C5—C6—H11 110.1 (3)
O42B—N4B—C4B 118.14 (19) H10—C6—H11 107.0 (3)
C2—C1—C6 111.7 (2) C5A—C6A—C1A 123.17 (19)
C2—C1—H1 109.33 (19) C5A—C6A—H6A 118.5 (2)
C6—C1—H1 108.9 (2) C1A—C6A—H6A 118.3 (2)
C2—C1—H2 110.01 (19) O72A—C7A—O71A 124.47 (19)
C6—C1—H2 109.1 (2) O72A—C7A—C1A 118.15 (18)
H1—C1—H2 107.8 (2) O71A—C7A—C1A 117.38 (17)
C6A—C1A—C2A 118.05 (18) O71B—C7B—O72B 124.0 (2)
C6A—C1A—C7A 119.00 (17) O71B—C7B—C1B 117.6 (2)
C2A—C1A—C7A 122.95 (17) O72B—C7B—C1B 118.40 (19)
C6B—C1B—C2B 119.01 (18) N1C—C7C—C8C 111.71 (19)
C6B—C1B—C7B 117.86 (18) N1C—C7C—C12C 109.18 (18)
C2B—C1B—C7B 123.13 (18) C8C—C7C—C12C 110.74 (19)
N1C—C1C—C2C 108.16 (18) N1C—C7C—H7C 108.75 (19)
N1C—C1C—C6C 112.49 (19) C8C—C7C—H7C 108.56 (19)
C2C—C1C—C6C 111.28 (19) C12C—C7C—H7C 107.8 (2)
N1C—C1C—H1C 107.76 (19) C7C—C8C—C9C 110.6 (2)
C2C—C1C—H1C 108.3 (2) C7C—C8C—H81C 110.5 (2)
C6C—C1C—H1C 108.7 (2) C9C—C8C—H81C 110.5 (2)
N3—C2—C1 111.46 (17) C7C—C8C—H82C 109.4 (2)
N3—C2—C3 108.89 (17) C9C—C8C—H82C 109.6 (2)
C1—C2—C3 111.07 (18) H81C—C8C—H82C 106.2 (2)
N3—C2—H3 108.08 (18) C10C—C9C—C8C 111.5 (2)
C1—C2—H3 109.07 (18) C10C—C9C—H91C 109.0 (3)
C3—C2—H3 108.16 (19) C8C—C9C—H91C 109.0 (3)
N2B—C2B—C3B 119.38 (18) C10C—C9C—H92C 110.2 (3)
N2B—C2B—C1B 122.21 (18) C8C—C9C—H92C 110.0 (3)
C3B—C2B—C1B 118.38 (18) H91C—C9C—H92C 107.0 (3)
N2A—C2A—C3A 119.2 (2) C11C—C10C—C9C 111.3 (2)
N2A—C2A—C1A 122.1 (2) C11C—C10C—H01C 110.7 (3)
C3A—C2A—C1A 118.74 (18) C9C—C10C—H01C 110.4 (3)
C1C—C2C—C3C 111.9 (2) C11C—C10C—H02C 109.1 (3)
C1C—C2C—H21C 108.4 (2) C9C—C10C—H02C 109.1 (3)
C3C—C2C—H21C 108.7 (2) H01C—C10C—H02C 106.1 (3)
C1C—C2C—H22C 110.1 (2) C10C—C11C—C12C 112.5 (2)
C3C—C2C—H22C 110.4 (2) C10C—C11C—H03C 112.0 (3)
H21C—C2C—H22C 107.2 (3) C12C—C11C—H03C 109.1 (3)
C4B—C3B—C2B 119.61 (18) C10C—C11C—H04C 109.4 (3)
C4B—C3B—H3B 121.3 (2) C12C—C11C—H04C 107.2 (3)
C2B—C3B—H3B 119.11 (19) H03C—C11C—H04C 106.4 (3)
C4—C3—C2 111.0 (2) C7C—C12C—C11C 110.4 (2)
C4—C3—H4 109.7 (2) C7C—C12C—H05C 109.1 (2)
C2—C3—H4 109.1 (2) C11C—C12C—H05C 108.3 (2)
C4—C3—H5 111.1 (2) C7C—C12C—H06C 110.7 (2)
C2—C3—H5 109.5 (2) C11C—C12C—H06C 110.6 (2)
supplementary materials
sup-9publCIF
H4—C3—H5 106.2 (2) H05C—C12C—H06C 107.7 (2)
C4A—C3A—C2A 120.21 (19) N3—C20—C21 113.55 (17)
C4A—C3A—H3A 119.5 (2) N3—C20—C25 108.36 (17)
C2A—C3A—H3A 120.3 (2) C21—C20—C25 110.33 (18)
C4C—C3C—C2C 111.1 (2) N3—C20—H25 108.64 (18)
C4C—C3C—H31C 108.6 (3) C21—C20—H25 107.43 (18)
C2C—C3C—H31C 108.4 (2) C25—C20—H25 108.40 (19)
C4C—C3C—H32C 110.8 (3) C20—C21—C22 108.89 (18)
C2C—C3C—H32C 109.9 (3) C20—C21—H26 110.20 (19)
H31C—C3C—H32C 108.0 (3) C22—C21—H26 110.1 (2)
C3A—C4A—C5A 122.35 (19) C20—C21—H27 109.45 (19)
C3A—C4A—N4A 118.79 (19) C22—C21—H27 110.2 (2)
C5A—C4A—N4A 118.86 (19) H26—C21—H27 107.9 (2)
C5—C4—C3 111.8 (2) C23—C22—C21 111.3 (2)
C5—C4—H6 109.6 (3) C23—C22—H28 109.4 (2)
C3—C4—H6 110.8 (3) C21—C22—H28 109.1 (2)
C5—C4—H7 109.5 (3) C23—C22—H29 109.0 (2)
C3—C4—H7 109.7 (2) C21—C22—H29 109.3 (2)
H6—C4—H7 105.3 (2) H28—C22—H29 108.7 (2)
C3B—C4B—C5B 123.39 (19) C22—C23—C24 111.3 (2)
C3B—C4B—N4B 117.88 (18) C22—C23—H30 109.5 (2)
C5B—C4B—N4B 118.73 (18) C24—C23—H30 109.4 (3)
C5C—C4C—C3C 111.1 (2) C22—C23—H31 109.0 (3)
C5C—C4C—H41C 109.7 (3) C24—C23—H31 108.3 (2)
C3C—C4C—H41C 107.4 (3) H30—C23—H31 109.3 (2)
C5C—C4C—H42C 111.4 (3) C25—C24—C23 111.8 (2)
C3C—C4C—H42C 109.7 (3) C25—C24—H32 109.7 (2)
H41C—C4C—H42C 107.4 (3) C23—C24—H32 109.1 (2)
C4C—C5C—C6C 111.1 (2) C25—C24—H33 110.0 (2)
C4C—C5C—H51C 108.1 (3) C23—C24—H33 108.6 (2)
C6C—C5C—H51C 109.9 (3) H32—C24—H33 107.4 (3)
C4C—C5C—H52C 108.0 (3) C24—C25—C20 110.68 (19)
C6C—C5C—H52C 110.1 (2) C24—C25—H34 109.8 (2)
H51C—C5C—H52C 109.6 (3) C20—C25—H34 108.8 (2)
C4—C5—C6 111.2 (2) C24—C25—H35 110.7 (2)
C4—C5—H8 110.8 (3) C20—C25—H35 109.7 (2)
C6—C5—H8 107.7 (3) H34—C25—H35 107.1 (2)
C7C—N1C—C1C—C2C 173.11 (18) C3A—C4A—C5A—C6A 0.4 (3)
C7C—N1C—C1C—C6C 49.8 (3) N4A—C4A—C5A—C6A −179.9 (2)
C20—N3—C2—C1 53.4 (2) N1C—C1C—C6C—C5C 176.83 (19)
C20—N3—C2—C3 176.29 (17) C2C—C1C—C6C—C5C 55.3 (3)
C6—C1—C2—N3 176.57 (19) C4C—C5C—C6C—C1C −56.9 (3)
C6—C1—C2—C3 55.0 (3) C2B—C1B—C6B—C5B −0.9 (3)
C6B—C1B—C2B—N2B −177.1 (2) C7B—C1B—C6B—C5B 179.2 (2)
C7B—C1B—C2B—N2B 2.8 (3) C4B—C5B—C6B—C1B −0.3 (3)
C6B—C1B—C2B—C3B 1.3 (3) C2—C1—C6—C5 −54.5 (3)
C7B—C1B—C2B—C3B −178.87 (18) C4—C5—C6—C1 54.1 (3)
C6A—C1A—C2A—N2A −176.3 (2) C4A—C5A—C6A—C1A 1.0 (4)
C7A—C1A—C2A—N2A 4.4 (3) C2A—C1A—C6A—C5A −2.4 (3)
C6A—C1A—C2A—C3A 2.3 (3) C7A—C1A—C6A—C5A 177.0 (2)
C7A—C1A—C2A—C3A −177.07 (19) C6A—C1A—C7A—O72A 170.3 (2)
supplementary materials
sup-10publCIF
N1C—C1C—C2C—C3C −178.42 (19) C2A—C1A—C7A—O72A −10.3 (3)
C6C—C1C—C2C—C3C −54.4 (3) C6A—C1A—C7A—O71A −9.3 (3)
N2B—C2B—C3B—C4B 177.89 (19) C2A—C1A—C7A—O71A 170.01 (19)
C1B—C2B—C3B—C4B −0.5 (3) C6B—C1B—C7B—O71B 8.9 (3)
N3—C2—C3—C4 −178.44 (19) C2B—C1B—C7B—O71B −170.94 (19)
C1—C2—C3—C4 −55.3 (3) C6B—C1B—C7B—O72B −170.2 (2)
N2A—C2A—C3A—C4A 177.6 (2) C2B—C1B—C7B—O72B 9.9 (3)
C1A—C2A—C3A—C4A −1.0 (3) C1C—N1C—C7C—C8C 60.0 (2)
C1C—C2C—C3C—C4C 54.2 (3) C1C—N1C—C7C—C12C −177.18 (18)
C2A—C3A—C4A—C5A −0.4 (3) N1C—C7C—C8C—C9C −179.83 (19)
C2A—C3A—C4A—N4A 179.91 (19) C12C—C7C—C8C—C9C 58.2 (3)
O42A—N4A—C4A—C3A −172.2 (2) C7C—C8C—C9C—C10C −56.8 (3)
O41A—N4A—C4A—C3A 7.0 (3) C8C—C9C—C10C—C11C 54.1 (3)
O42A—N4A—C4A—C5A 8.1 (3) C9C—C10C—C11C—C12C −53.1 (3)
O41A—N4A—C4A—C5A −172.7 (2) N1C—C7C—C12C—C11C 179.9 (2)
C2—C3—C4—C5 55.6 (3) C8C—C7C—C12C—C11C −56.6 (3)
C2B—C3B—C4B—C5B −0.8 (3) C10C—C11C—C12C—C7C 54.4 (3)
C2B—C3B—C4B—N4B 178.59 (17) C2—N3—C20—C21 49.3 (2)
O41B—N4B—C4B—C3B −7.3 (3) C2—N3—C20—C25 172.23 (17)
O42B—N4B—C4B—C3B 172.8 (2) N3—C20—C21—C22 −178.07 (17)
O41B—N4B—C4B—C5B 172.1 (2) C25—C20—C21—C22 60.1 (2)
O42B—N4B—C4B—C5B −7.9 (3) C20—C21—C22—C23 −59.4 (3)
C2C—C3C—C4C—C5C −55.5 (3) C21—C22—C23—C24 56.0 (3)
C3C—C4C—C5C—C6C 57.3 (3) C22—C23—C24—C25 −53.0 (3)
C3—C4—C5—C6 −54.9 (3) C23—C24—C25—C20 53.9 (3)
C3B—C4B—C5B—C6B 1.1 (3) N3—C20—C25—C24 177.33 (18)
N4B—C4B—C5B—C6B −178.21 (19) C21—C20—C25—C24 −57.8 (2)
Figure 1
Fig. 1. Molecular configuration and atom naming scheme for one of the independant associated 4-NAA anion (A) 
and DCHA cation (C) pairs in (I). Atoms are shown as 30% probability ellipsoids
Figure 2
Fig. 2. Packing in the unit cell viewed down b, showing hydrogen-bonding associations as broken lines.
